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1. Introduction 
 

Predicting episodes of tropical cyclone rapid intensification (RI) remains one of 
the highest forecasting priorities of the National Hurricane Center (NHC). In recent years, 
a statistically based rapid intensification index (RII) that employs predictors from the 
SHIPS model has been developed utilizing linear discriminant analysis (Kaplan et al. 
2010). The SHIPS-RII provides estimates of the likelihood of RI over the succeeding 24-
h for both the Atlantic and eastern North Pacific basins and is currently utilized as an 
operational forecasting tool by the NHC.  Although the current version of the SHIPS-RII 
has been generally skillful, its utility is somewhat limited since it was developed 
exclusively for the 24-h lead-time and its skill tends to be limited particularly for the 
Atlantic basin. Thus, in an effort to improve the overall forecasting utility of the current 
operational SHIPS-RII, a number of model enhancements are being developed as part of 
our current Joint Hurricane Testbed (JHT) project. First, ensemble-based (Rozoff and 
Kossin 2011) versions of the RII that employ both the current SHIPS-discriminant RII as 
well as the newly developed Bayesian and Logistic versions are being derived for the 
current operational 24-h forecast lead-time as well as the added lead times of 12-h, 36-h 
and 48-h to provide additional guidance during the critical watch and warning period that 
has recently been extended to 48-h by the NHC. Secondly, revised versions of the 
recently developed deterministic rapid intensity aid (Sampson et al. 2011) are being 
developed utilizing the newly derived multiple lead-time ensemble-based RII models. 
Lastly, microwave imagery-based versions of the RII that have been shown to be capable 
of providing a more accurate measure of the overall inner-core tropical cyclone structure 
are also being developed for each forecast lead time. In this mid-term report, our year-2 
JHT project accomplishments to date as well as our plans for improving the current 
operational SHIPS-RII during the remainder of the year-2 funding- cycle that were 
presented at the recently held IHC/TC forum (Kaplan et al. 2013) will be discussed. 

 
2.  Year-2 mid-term accomplishments   
 

a. Multi-lead time RII 
 



Commencing ~ Aug 1, 2012, the new ensemble-based multi-lead time RII that 
was developed during year-1 of our JHT project was run in real-time (and the output 
made available to forecasters at the NHC via a web site) for both the Atlantic and eastern 
North Pacific basins at the Cooperative Institute for Research in the Atmosphere (CIRA) 
in Fort Collins, CO. Figure 1 provides an example of the output of the new ensemble-
based RII for Hurricane Emilia (2012). Section 1 of the output shows the SHIPS-based 
discriminant RII for the 24-h lead-time that that was adopted for operational 
implementation by the NHC prior to the 2012 season but that could not be implemented 
operationally since the total precipitable water (TPW) predictor was not made available 
on the operational NCEP IBM due to IT limitations. Section 2 is the lightning based 
version of the RII that was developed as part of the GOES-R Proving Ground while 
Section 3 shows the output for the new multi-lead time RII for the 20-kt RI threshold at 
the 12-h lead-time, the 25-kt, 30-kt, 35-kt and 40-kt RI thresholds at the 24-h lead-time, 
the 45-kt RI threshold at the 36-h lead-time, and the 55-kt RI threshold at the 48-h lead-
times, respectively. The RI probabilities are shown for the SHIPS, Logistic, Bayesian, 
and the three-RII model consensus (i.e. ensemble).  
 
 
 
 
 

 
 

 
 

 

 
 

 
 

 
 

 
 
 
 
 
 
 
 
Fig. 1. Sample of the output of the parallel version of the RII that was run in real-time at CIRA 
during the 2012 Hurricane Season for eastern North Pacific Hurricane Emilia. 



 To evaluate the skill of the 2012 multi-lead time real-time RII forecasts, the Brier Score 
(BS) (Wilks 2012) was computed for both the RII as well as climatology using: 

\ 
  
                                                                                 (1) 

 
where yk is either the forecasted RII probability or the climatological probability of RI of 
the 1995-2010 sample for the appropriate lead-time and RI threshold (see Fig. 2) and 0k   
= 0 when no RI occurred during a given time period and 0k   = 1 when RI did occur. 
 
Thus, 0 < BS < 1 with 0 denoting perfect forecast skill. 
 

Figure 2 indicates that while the BS values for the ensemble-based 2012 RII 
forecasts were lower than those that had been obtained previously for the cross-validated 
1995-2010 sample the 2012 climatological values were much lower than those that had 
been previously obtained for the longer term 1995-2010 sample mean. It can be seen that 
the low climatological BS that was observed in 2012 is due in large part to the 
anomalously low probability of RI in 2012 since inspection of (1) indicates that 
forecasting a low probability of RI (ranging from 0.03-0.12 depending on lead-time) like 
those that are used when making a climatological RI forecasts will yield small values of 
BS for years like 2012 when there was an unusually low frequency of RI events.  

 

Fig. 2.   The Brier Score (BS) of the 1995-2010 Atlantic climatological (solid blue bar) and 
cross-validated RII forecasts (solid red) and the BS of the 2012 climatological (hatched blue) 
and real-time RII forecasts (hatched red) (left panel).  The climatological probability of RI 
of the 1995-2010 (solid blue) and 2012 real-time  (hatched blue) Atlantic basin samples are 
also provided (right panel).  
 



Figure 3 shows the overall skill of the real-time runs of the Atlantic multi-lead 
time RII for the 2012 Hurricane Season for the SHIPS, Logistic, Bayesian and ensemble-
based version of the RII where skill is assessed using: 
 

                             Skill = (1. - BSM/BSREF)*100.        (2) 
 

where BSM= BS of the RII forecasts and BSREF = BS of the climatological RI forecasts 
 

and −∞ < 𝑆𝑘𝑖𝑙𝑙 < 100 
 

(so perfect skill is 100%) 
 

 
Fig. 3. Skill of the 2012 Atlantic real-time multi-lead time RII forecasts. The skill is shown 
for the SHIPS (blue), Logistic (red), Bayesian (green), and consensus (ensemble-based) 
(yellow) versions of the RII. The total number of cases (black) and number of RI cases (red) 
are also provided for each RI lead-time and RI threshold along the x-axis.  
 

It can be seen that the Atlantic multi-lead time version of the RII did not perform 
well for the 2012 Atlantic season relative to climatology, which is likely to a large degree 
the result of the anomalously low BS values of the climatological forecasts as was 
described above.  It is worth noting that the ensemble-based RII, that is typically the most 
skillful of the four versions, was not as skillful relative to the other three versions due 
mostly to the poor performance of the SHIPS and logistic versions of the RII.   Figure 4 
indicates that while the new multi-lead time RII did not perform well in the Atlantic in 
2012, its performance for each of the various lead times and RI thresholds was generally 
within the range of the skill that was observed for each of the individual years that 
comprised the 1995-2010 cross-validated sample. Thus, while Fig. 4 indicates that the 
Atlantic-based ensemble RII should, on average, prove to be skillful (see 1995-2010 
cross-validated sample mean skill) there is considerable year–to-year variability in model 



skill and thus there are years (like 2012) in which the RII may not prove to be skillful for 
a particular (or even multiple) lead-times/RI thresholds.  

 

Fig. 4. The cross-validated skill of the Atlantic version of the ensemble RII for each of the 
years that comprised the cross-validated sample as well as the mean skill of the 1995-2010 
sample (red label) for each forecast lead-time and RI threshold.  The skill of the 2012 
Atlantic real-time ensemble RII forecasts for each lead-time and threshold (blue label) are 
also provided.  
 

Figure 5 shows the BS of the eastern North-Pacific basin real-time 2012 RII 
multi-lead time RII forecasts relative to those made assuming a climatological rate of RII 
using the same methodology that was employed to verify the Atlantic basin real-time 
forecasts as was described previously. It can be seen that the BS values of the real-time 
2012 RII forecasts are less than those for climatology but are close to those that had been 
previously obtained for the long-term 1995-2010 cross-validated sample. The figure also 
indicates that that the 2012 eastern North Pacific probability of RI values for the various 
lead times and thresholds were similar to those that had been observed for the longer-
term 1995-2010 sample in contrast to the Atlantic results discussed previously which 
showed that the 2012 frequency of RI was considerably lower than the Atlantic basin 
longer term sample mean.  

Figure 6 shows the skill of the 2012 real-time eastern North Pacific basin RII 
forecasts relative to climatology determined using the methods described previously for 
the Atlantic basin. It can be seen that these RII forecasts were skillful at all lead times and 
for all RI thresholds and that the ensemble-based version of the RII was more skillful 
than any of three individual versions of the RII consistent with the results of Rozoff and 
Kossin (2011).   



 

 

Fig. 5.   The Brier Score (BS) of the 1995-2010 eastern North Pacific climatological (solid 
blue bar) and cross-validated RII forecasts (solid red) and the BS of the 2012 climatological 
(hatched blue) and real-time (hatched red) RII forecasts (left panel).  The climatological 
probability of RI of the 1995-2010 (solid blue) and 2012 real-time (hatched blue) eastern 
North Pacific samples are also provided (right panel).  
  

 

 

 
Fig.6.  Skill of the 2012 eastern North Pacific real-time multi-lead time RII forecasts. The 
skill is shown for the SHIPS (blue), Logistic (red), Bayesian (green), and consensus 
(ensemble) (yellow) versions of the RII. The total number of cases (black) and number of RI 
cases (red) are also provided for each RI lead-time and RI threshold along the x-axis.  

 
Figure 7 indicates that the skill of the 2012 ensemble-based eastern North Pacific 

real-time RII forecasts for the various RI thresholds were similar to that which had been 



previously obtained for the 1995-2010 cross-validated sample mean which may reflect, in 
part, the finding that the 2012 eastern North Pacific Hurricane season was similar (at least 
in terms of the probability of RI) to that which had been previously observed for that 
basin for the longer term (1995-2010) sample.  

 

 
Fig. 7. The cross-validated skill of the E. Pacific version of the ensemble RII for each 

of the years that comprised the cross-validated sample as well as the mean skill of the 1995-
2010-sample (red label) for each forecast lead-time and RI threshold.  The skill of the 2012 
E. Pacific real-time ensemble RII forecasts (blue label) for each lead-time and threshold are 
also provided.  
 

b. Deterministic RI Aid 

The deterministic rapid intensification aid (RAPID; Sampson et al. 2010) has 
been developed using the Rapid Intensification Index (RII; Kaplan et al. 2010).  The 
operational RII produces probabilities of intensification rates (25, 30, 35, and 40 knots) 
through a 24-h period.  We use RII thresholds (currently 40%) to trigger whether the 
deterministic RI (RAPID aids) are produced.  We implemented a temporary solution in 
operations and the resultant output from the IBM is then transmitted back to NHC and 
ingested into the ATCF in real-time for the 2011 and 2012 seasons.  For 2013, we have a 
more permanent solution where the RAPID aids are computed within SHIPS.   

Recently, we recomputed an intensity consensus (see Sampson et al. 2007) using 
RAPID and the members of IVCN (DSHP, LGEM, GHMI, GFNI and HWFI) for 2011-
2012 seasons in order to evaluate its impact on the consensus.  As seen in Fig. 8, we 
found improved forecast errors and reduced biases.  The improved forecast errors for 



IVRI are about 4-5% and are highly significant.  The IVRI bias improvements are 
approximately 1.2 and 3.2 kt at 12 and 24 h, respectively.  

If you evaluate only Atlantic 2011 and 2012 seasons, the errors of the IVRI were 
worse than the IVCN by 1% and 11% at 12 and 24 h, respectively while the biases were 
better at 12 h by 1.2 kt and worse by 3.8 kt at 24 h.  As was discussed earlier in this 
report, we suspect that the errors and biases will improve when the rate of RI in the 
Atlantic basin becomes more typical of the long-term sample mean. 

 
Fig. 8. Results from 2011-2012 Atlantic and eastern North Pacific seasons for an intensity 
consensus (IVRI) that includes the deterministic RI aid that was run post-season shows 
lower mean errors and less bias than IVCN (the operational NHC consensus).  RI25 is the 
deterministic RI guidance for a 25-kt RI event.  
 

We will continue to run and evaluate RAPID for 2013.  In addition, we recently 
experimented with additional forecast times (36 and 48 h) and RII ensemble probabilities 
on dependent data.   These both show promise with regard to constructing a deterministic 
RII aid and consensus, so we intend to evaluate what we have constructed on independent 
data to see if it is worth the effort to implement these in operations.   

Finally, we have recently constructed a GPCE for intensity (Goerss and Sampson 
2013) and have run experiments using the RAPID aids in the intensity GPCE with 
success (Fig. 9).  We will continue to test out this particular application and will report on 
its potential forecasting utility in the near future. 
 
 
 
 
 
 
 
 



 
 
Fig. 9. Intensity vs. forecast time graph for EP022012 at 2012052312. The solid (dashed) 
blue line(s) represent the IVCN forecast (GPCE 67th percentile) and the solid (dashed) red 
line(s) represent the same for IVRI (IVCN members + the RAPID aids). Only sold/dashed 
red lines are depicted beyond 36-h since only the operational and not the new extended 
range versions of the RII were used to generate these results.  
 
 

c. Microwave-based RII 
 

We have sought to improve the statistical prediction of RI using predictors 
derived from passive microwave imagery (MI). The MI was used to enhance the RI 
models described in Rozoff and Kossin (2011). The developmental data included 19.4, 
37.0, and 85.5-GHz brightness temperatures from the Special Sensor Microwave/Imager 
(SSM/I), Tropical Rainfall Measuring Mission (TRMM) Microwave Imager (TMI), the 
Advanced Microwave Scanning Radiometer-EOS (AMSR-E), and WindSat sensors from 
1998-2008. The use of MI in statistical models for RI was shown to add appreciable 
forecast skill (Fig. 10). Recent efforts in this JHT project have consisted of enhancing the 
developmental dataset for our MI-based structural predictors. Data from 2009-2011 have 
been added from TMI, AMSR-E, and SSM/I. We have also acquired SSMI/S data from 
2005-2011 and have used that to further enhance our developmental dataset. Models were 
re-derived using this updated data. A real-time MI-based RI model has been designed and 
will be used and evaluated in real-time for the 2013 Atlantic and Eastern Pacific 
hurricane seasons. We are in the process of retrospectively testing the performance of the 
real-time microwave-based RI model for the Atlantic and eastern North Pacific basins for 
the 2012 Hurricane season.   



 
 

 
 

Fig. 10.  The impact of adding microwave-based predictors to the logistic regression version 
of the rapid intensity model on the skill of the 1998-2008 Atlantic basin sample forecasts.  
Results are shown for versions of the logistic model with (dark blue and brown) and without 
(light blue and orange) microwave-based predictors.   The left panel shows the Brier skill 
score (relative to climatology) while the probability of detection (based upon 50% cut-off 
probability threshold) is depicted in the right panel. Results are shown for storms with 
initial maximum sustained wind intensities of 25 kt and 45 kt, respectively.  
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Appendix 
 

Year 2 Project timeline 
 
 
Aug- Dec 2012   Perform real-time testing of new ensemble RII guidance in 

Atlantic/eastern North Pacific basins 
 
Aug-Dec 2012         Perform real-time testing of new Atlantic/eastern North Pacific 

Rapid aid guidance 
 
Aug-Dec 2012       Perform in-house testing of new MI-based versions of RII at 

University of Wisconsin/CIMSS   
 
Sept 2012                   Provide year 1 report to the JHT 
 
February 2013        Evaluate performance of new Atlantic/eastern North Pacific RII 

guidance that was run in real time during the 2012 Hurricane 
Season 

 
March 2013               Present year 2 results at the IHC 
 
March-Jun 2013        Continue to refine/improve newly developed RI guidance   
                                     
June 2013             Perform real-time testing of ensemble-based RII, MI-based RII and 

Rapid intensity aid guidance in both the Atlantic and eastern North 
Pacific basins 

 
Aug 2013                  Provide final code for computing ensemble-based RII, MI-based RII 

on the IBM as part of operational guidance suite to the NHC 
 
Aug 2013                   Implement new Rapid aid guidance into the ATCF as desired by the 

NHC    
 
Sept 2013                   Final report provided to the JHT 
 
 


